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[57] ABSTRACT
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group is produced by heating a mixture of (a) an epoxy
group-containing organosiloxane; (b) an organosiloxane
lacking an epoxy group and optionally containing an
arkenyl group; (c) an aprotic polar organic solvent; and
(d) a basic catalyst, until reaction between (a) and (b) by
a disproportionation equilibration reaction occurs.
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PROCESS FOR THE PRODUCTION OF AN
ORGANOPOLYSILOXANE

BACKGROUND OF THE INVENTION

‘The present invention relates to a method of manu-
facturing organopolysiloxanes, more particularly to a
method of manufacturing an epoxy group-containing
organopolysiloxane having a relatively high polymeri-
zation degree by a simple reaction which is not accom-
panied by cleavage of the oxirane ring of the epoxy
group during the reaction. The invention further relates
to a2 method for producing an organopolysiloxane
which contains both epoxy and alkenyl groups and,
therefore, can be effectively used as an epoxy group-
containing silicone coating compound and as the epoxy
group-containing stlicone compound that constitutes
the main ingredient of an addition reaction-type harden-
able organopolysiloxane.

Epoxy group-containing organopolysiloxanes are
used in numerous applications, such as fabric finishing
agent, water repelient agent, modifier for resin matenial,
etc. Especially, those having a relatively high polymeri-
zation degree are capable of imparting desired degrees
of soft and pleasant feel to materials mixed therewith
and are considered excellent fabric finishing agent be-
cause they do not cause the treated fabric to become
excessively slimy and turn yellow, as fabric treated with
aminosiloxane does.

Already various methods are known for manufactur-
Ing epoxy group-containing organopolysiloxanes, in-
cluding those wherein an olefin group-containing silox-
ane is peroxidized, for example, vinylsiloxane is peroxi-
dized in a2 40%-acetyl hydroperoxide solution; a method
wherein a siloxane which has been Grignard-reacted to
introduce a =SiCH;MgBr group into its molecule is
epoxidated with alkali and epichlorohydrin; and a
method wherein a chlorosilane or an acetoxylsilane is
treated with glycidol to obtain glycidyl silicone ether
(U.S. Pat. No. 2,730,532). All of these methods are poor
in yield (only 20% in the first method), require compli-
cated process conditions, and are not consistent in the
production results. Furthermore, although these meth-
ods are suitable for epoxidating silane and low molecu-
lar weight siloxanes, they do not work well when epoxi-
dizing relatively high molecular weight siloxanes due to
various limitations in reaction conditions. A problem
with the *532 patent method 1s that the resulting organo-
stloxane 1s readily hydrolyzed or alcoholized due to the
presence therein of an epoxy organo group bonded to Si
atom via an ether linkage, so that the product is ex-
tremely unstable. '

As a method for manufacturing epoxidated organo-
polysiloxane of high molecular weight, a method was
proposed (U.S. Pat. No. 3,431,143) wherein an unsatu-
rated epoxy monomer and an organohydrogen-
polystloxane containing an Si-bonded hydrogen atom(s)
undergo an addition reaction in the presence of a perox-
ide or a Pt-containing catalyst. This method requires
relatively simple reaction conditions and gives high
yields; but when the method is employed to obtain a
product of relatively high polymerization degree, con-

trol of the reaction becomes difficult, and it is also diffi-

cult to prepare the starting organohydrogenpolystlox-
ane of a high polymenzation degree, so that the manu-
facture flow becomes complicated and time-consuming
to the extent that the manufacturing cost becomes too
high. Furthermore, with this method it i1s impossible to
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make an epoxy group-containing organopolysiloxane
having alkenyl as a group or attached to a side chain,
which i1s a useful main ingredient of an addition reac-
tion-type hardenable organopolysiloxane. In order to
make this organopolysiloxane, if an addition reaction is
caused to occur between an alkenyl-containing or-
ganohydrogenpolysiloxane and an unsaturated epoxy
monomer, an undesirable addition between the hydro-
gen attached to a Si atom and the alkenyl proceeds to
form a gel.

A method is known for the production manufacture
of an organosiloxane wherein an organosiloxane 1s pro-
duced from low molecular weight organosiloxane such
as a cyclic siloxane through a siloxane rearrangement
equilibration reaction in the presence of a strongly
acidic or basic compound as a catalyst. However, since
an epoxy group is easily attacked by acid, an acid cata-
lyst cannot be used in the equilibration of the epoxy
group-containing siloxane, and if a base catalyst 1s em-
ployed, the equilibration with the siloxane having an
epoxy group is so slow that cleavage of the oxirane ring
of the epoxy group occurs more readily.

It 1s known that the equilibration of an organopolysi-
loxane is facilitated through an addition of a small
amount of certain polar solvents. It is also known that a
stloxane rearrangement equilibration reaction occurs
with a mixture of octamethylcyclotetrasiloxane and
hexamethyldistioxane in tetrahydrofuran in the pres-
ence of a strongly basic compound such as potassium
hydroxide as a catalyst. However, these reactions are
not practical because the presence of even an extremely
small amount of an impurity will adversely affect the
reaction.

To manufacture an organopolysiloxane in the pres-
ence of a base catalyst, a method is proposed wherein
the reaction rate is increased by the addition of an alkyl-
sulfoxide, such as dimethylsulfoxide (U.S. Pat. No.
3,175,995). However, cleavage of the epoxy ring re-
duces the yield of the desired organopolysiloxane.
Moreover, these organic solvents have high melting
points and dimethylsulfoxide, because of its low melting
point, is a solid during the winter season. Therefore,
they are not easy to handle, and their high boiling point
make them difficult to separate after the reaction so that
their characteristic smell remains in the product. Fur-
thermore, when the thus produced siloxane is used to-
gether with other resin in a fabnic treatment, discolor-
ation occurs and the stability of the treatment liquid
becomes low.

A method is also known wherein an organopolysilox-
ane saturated with water (an amount of less than one

‘weight % is equilibrated in the presence of a base cata-

lyst to thereby obtain an epoxy group-containing silox-
ane of relatively low molecular weight which retain
uncleaved the oxirane rings of the epoxy groups (Japa-
nese Patent Kokoku No. 51-33839). Although the equi-
libration rate is improved by this method, it is not possi-
ble to prevent cleavage of the oxirane rings of epoxy
group by the water and the presence of water also pro-
duces silanol groups at the ends of the siloxane molecule
during the equilibration reaction which stops the
growth of the siloxane chain. It thus becomes difficult
to obtain high molecular weight polymers and also,
since the distribution range of polymerization degree of
the product polymers becomes wide, molecular weight
control becomes difficult. Thus, reproducing the same
polymer is very difficult. Furthermore, after the equili-
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bration, when the product is neutralized and stripped of
the unreacted low molecular siloxane, the amount of the
hydroxyl contained in the product changes, causing the
viscosity to vary greatly so that it is difficult to control
the viscosity.

OBJECTS OF THE INVENTION

The present invention was made in view of the above
problems and, therefore, it is an object of the invention
to provide a manufacturing method to produce organo-
polysiloxanes containing an epoxy group which solves
these problems.

The inventors, therefore, examined various methods
of siloxane rearrangement equilibration of organopoly-
siloxanes containing an epoxy group in the presence of
a basic catalyst and, as a result, they found that when an
aprotic organic solvent containing no sulfur atom in the
molecule was added to a equilibration reaction system
comprising a mixture of a siloxane containing an epoxy
group and a siloxane which does not contain an epoxy
group, in the presence of a basic equilibration catalyst, it
became possible to cause the reaction system to undergo
reaction even when the viscosity of the system was
relatively low, and, thereby, the equilibration reaction
could be expedited so that the reaction time is short-
ened, and an organopolysiioxane containing an epoxy
group and a high polymerization degree could be pro-
duced. Furthermore, they found that it was possible to
control the polymerization degree of the thus-produced
organOpolysﬂoxane containing an epoxy group, em-
ploying various kinds of reactants at various dosages.

The inventors further researched methods of equili-
brating epoxy group- and alkenyl group-containing
organopolysiloxanes in the presence of a basic catalyst,
and found that when an aprotic polar solvent was added
to a equilibration reacting system comprising a mixture
of siloxane containing an epoxy group and a siloxane
containing an alkenyl group, in the presence of a basic
equilibration catalyst, it became possible to cause the
reaction system to undergo equilibration at a high rate,
irrespective of whether the low molecular siloxanes to
be equilibrated were cyclic or straight chain; that the
cleavage of the oxirane ring of the epoxy group did not
accompany the equilibration reaction; that it was possi-
ble to control the polymerization degree of an organo-
polysiloxane to a desired value since no active hydro-
gen-containing compound, such as water, is required
which would have produced a silanol group at the ends
of the molecular chain of the organopolysiloxane,

thereby allowing the molecule to participate in a con- 50

densation reaction with another silano-stopped chain.
As the inventors tried various kinds of elements used in
various dosages, they arrived at the present invention.

SUMMARY OF THE INVENTION

According to this invention, a method is provided for
producing an organopolysiloxane containing an aver-
age of at least one epoxy group in the molecule, which
method comprises effecting a reaction of an organosi-
loxane containing an epoxy group and organosiloxane
without an epoxy group in the presence of an aprotic
polar organic solvent and a basic catalyst.

More specifically, this invention relates to a process
for the production of an organopolysiloxane containing
at least one epoxy group and a relatively high degree of
polymerization which comprises heating a mixture of
(a) an epoxy-containing organosiloxane having a lower
degree of polymerization than the desired product and

10

15

20

25

30

35

45

23

65

4

at least one epoxy group in the molecule; (b) an amount
effective to react with (a) by a disproportionation equili-
bration reaction of an epoxy-less organosiloxane; (c) an
aprotic polar organic solvent; and (d) a basic catalyst,
until condensation of the epoxy group-containing or-
ganosiloxane and the epoxy-less organosiloxane by an
equilibration rearrangement reaction occurs.

In a first embodiment of the invention, the inventive
method 1s effective in obtaining an organosiloxane con-
taining an average of one or more epoxy groups per
molecule and which has a higher degree of polymeriza-
tion than the starting epoxy group-containing organosi-
loxane (a). Also, because the structure of the thus pro-
duced organopolysiloxane is the result of combining the
molecules, or fragments thereof, of the starting epoxy
group-containing organosiloxane (a) and the epoxy-less
organostloxane (b), the product is a mixed organostlox-
ane, 1.e., one or both of the organic radicals on at least
one silicon atom differ from one or both of the organic
radicals of at least one other silicon atom.

The polymer units of these mixed structure organo-
polystioxanes produced according to the first embodi-
ment of this invention collectively can be represented
by the general formula

| leR2n5i0 4—!m+n!
| 2

wherein R! is a monovalent organic group containing
an epoxy derived from the starting epoxy group-con-
taining organosilane; R2 is a hydrocarbon group of 1-8
carbons containing no epoxy group derived from the
starting epoxy-less organosiloxane or an alkoxyl group
of 1-3 carbons; m and n are numbers such that n/m=3
and 1.8<m+n<2.1.

The first embodiment of this invention is especially
useful for increasing the molecular weight, i.e., the
degree of polymerization of an epoxy group-containing
organopolysiloxane by a predetermined amount in a
predictable and reproducible manner.

The method of this first embodiment is preferably
conducted by heating a mixture of 100 weight parts of a
mixture of (a) an organopolysiloxane containing an
epoxy group and having a degree of polymerization
lower than the desired product (b) an organosiloxane
which does not contain an epoxy group; (¢) 1 to 50
weight parts of an aprotic polar organic solvent con-
taining no sulfur in the molecule; and (d) 0.001 to 1
weight part of a basic equilibration catalyst.

In a second embodiment of the invention, the organo-
siloxane lacking an epoxy group (b) contains an alkenyl
group and the thus-produced organopolysiloxane pref-
erably contains an average of at least one epoxy group
and at least one alkenyl group per molecule. Thus, in
the above general formula, R! comprises an epoxy
group-containing hydrocarbon group and R2 comprises
an alkenyl group-containing hydrocarbon group. Be-

‘cause the condensation reaction i1s a equilibration-type

reaction, it will be appreciated by those skilled in the art
that in a formula depicting the polymeric form of the
thus-produced organopolysiloxane, the polymer units
may represent only a portion of the molecule of the
starting epoxy group-containing organosiloxane and/or
the starting epoxy-less organosiloxane when either is as
an organopolysiloxane.

A organopolysﬂoxane contalmng both epoxy and
alkenyl! groups is preferably produced by equilibrating a
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mixture of 100 parts by weight of (a) an epoxy group-
containing organosiloxane and (b) an epoxy-less alkenyl
group-containing organosiloxane, (c¢) 5-100 weight
parts of the aprotic polar organic solvent and (d) the
basic catalyst.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention in its first embodiment com-
prises producing an organopolysiloxane containing an
epoxy group by heating, and thus causing the siloxanes
therein to undergo an equilibration rearrangement reac-
tion, a mixture consisting essentially of (a) a mixture of
organosiloxane containing an epoxy group; (b) an or-
ganosiloxane lacking an epoxy group; (c) an aprotic
polar organic solvent containing no sulfur atom in the
molecule; and (d) a basic equilibration catalyst. The
invention also i1s a method of manufacturing an organo-
polysiloxane containing both an epoxy and an alkenyl
group by equilibrating a mixture comprising (1) a mix-
ture of epoxy group-containing organopolysiloxane and
alkenyl group-containing organosiloxane, (i1) an aprotic
polar organic solvent, and (iii) a basic catalyst.

The organosiloxane starting material employed 1n the
first embodiment of the method of the present invention
1s a mixture of a stloxane containing an epoxy group and
an organosiloxane containing no epoxy group. For op-
erational advantage reasons, these siloxanes preferably
have polymerization degrees of less than 100 and can be
a cyclic siloxane, a disiloxane, or a straight chain silox-
ane.

The epoxy group-containing organosiloxane can,
e.g., (1) be a cyclic siloxane represented by

(I)

wherein each R3 is the same or a plurality of different
monovalent hydrocarbon groups of 1-20, e.g., from
1-10, carbons which can be unsubstituted or substituted
with one or more groups which are non-reactive under
the reaction conditions and, in the first embodiment of
the invention, is not alkenyl, e.g., alkyl, e.g., methyl,
propyl, butyl; aryl, alkanyl and aralkyl, e.g., phenyl,
tolyl; halogenated alkyl, e.g., chloromethyl, trifluoro-
propyl; and cyanoethyl; A is an organic group contain-
ing an epoxy group; a is 0 or a positive integer, e.g.,
from 1 to 10, and b is a positive integer; or
(11) a straight chain siloxane represented by

e (v 1
Ac=—351—0 Sli—O Sli'-O Si—Ac
3 3
R 4 \R .

(I1)
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wherein R¥and A are the same as above; ¢ is 0 or 1; and
d and e are 0 or a positive integer. Examples of such
epoxy group-containing organic A groups are:

CH—-CH—CH—0O—CH;—CH—CHy—,
\0 /

CH;—CH,,

CH;—— CH—CH;—(0CH2CH;);=0~CH;—CH;—CH—,
\0/

and CH——CH~-CH;~-Q=-CO—CH—CH)~.
N /7 |
O CH;

Examples of such cyclic epoxy group-containing or-
ganosiloxane are:

o
/7 \
((ile')'go—CHQCH——CHz
?i—O
CH;
4 »
O
/" \
(l3H3 (C'JH2)3OCH2CH"—"'CH2
Sli—O Sl:i—D
CH;3 . CHj3
O
CHyCH3
(IZHzCHQCHg
Sli—O Sli""O
CHj3 , CHj ’
and
O
/. \
(CH»);0CH»CH~——CH>

Examples of such straight chain epoxy group-con-
taining organosiloxane are:



5,206,328

/|

(|3H 3 (I'.‘H 3 ((|3H2)30CH2CH—CH1 |
CH3—?i—O ?i—O Si—0O |
CHs {27

CH;

CHj;

and

O
/" N\

The organosiloxanes lacking an epoxy group employed

CHj;

CH;j;

in the first embodiment of the invention can be any of 25

the conventionally known compounds, e.g., examples
are:

R3 R3
| I
, R3—-?i—0-—&I‘.i—R3 and

R3 R3
A N
R3=Si=0 Si—O Si=—R3
L YRR - C I ¢
m

wherein R3 and m have the values given above. These
relatively low molecular weight organosiloxanes can be
obtained by hydrolysis and condensation polymeriza-
tion of corresponding chlorosilanes or alkoxy silanes
singly or a mixture of each. Introduction of an epoxy
group 1nto a silane or siloxane to obtain an epoxy group-
contamning silane or siloxane can be conducted by a
known method. Examples of such known methods for
introducing epoxy include: (1) a method wherein an
olefin-containing silane or siloxane is peroxidized; (2) a
method wherein a silane which is Grignard-reacted to
introduce a Grignard group is treated with an alkali and
a haloepoxide, such as epichlorohydrin; (3) a method
wherein chlorosilane or acetoxyl silane compound is
reacted with glycidol to produce a glycidyl silicone
ether; (4) a method wherein an unsaturated epoxy mon-
omer i$ subjected to an addition reaction with a hy-
drosiloxane in the present of a Pt-containing catalyst.
Method (4) 1s the most preferred for the reason that the
operation is simple and the yield is high. Moreover, the
product is highly durable since it contains water-resis-
tant silicon-carbon bond(s). According to this method,
the dosage of the epoxy monomer required in the addi-
tion reaction with the organohydrogensiloxane ordinar-
ily 1s no more than 20 weight % in excess of the stoi-
chiometrically required amount, in order to avoid side
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CH3 CH3
CH2CHp_S|i—0 SI-O Sl*‘CH;CHgO O
(|3H3 CI-I3 CH;
CH; CH3 CH3 CH3
CH;———CHCHZO(CH;;);—-SIE—-O sx—o sl—-o Sl—(CHI)_:,OCHgCI-{-lCHz
(|3H3 CH3 CaHﬁ CH3

O

reactions or polymerization of the unreacted epoxy
monomer.

The ratio of the organosiloxane containing an epoxy
group to the organosiloxane without an epoxy group in
the first embodiment of the invention can be arbitrarily
selected based on the amount of epoxy groups desired
to be i the organopolysiloxane product, i.e., a high
molar ratio will produce a product with a higher aver-
age number of epoxy groups in the molecule than the
product produced form the same reactants at a low
molar ratio.

In the first embodiment of the invention, an aprotic
polar organic solvent as the element (b) which contains
no sulfur atom in the molecule is used, it has a high
dielectric constant (€), and is characterized by lacking a
proton-donor. Such an organic solvent is generally high
in association tendency and, when used as the solvent
for an organo-ionic reaction, the solvent undergoes
dissociation from its self-association status, due to its
proton modification capability, and assumes a more
stable solvation status. Therefore, the solvent exhibits a
strong interactive tendency toward ionic reaction ac-
tive elements.

Some of the examples of such aprotic polar solvents
are N,N-dimethylformamide, N,N-dimethylacetoa-
mide, tetramethyleneurea, dimethylsulfoxide, hexame-
thylphosphoryl amide, acetonitrile, propylcarbonate,
nitrobenzene, nitromethane, dimethylcyanamide, tetra-
hydrofuran, dioxane, and pyridine. Among these, N,N-
dimethylformamide is the most preferred, for the reason
that, being liquid at ambient temperature, it is easy to
measure, dose and transport; due to its relatively low
boiling point, the reaction can be controlled effectively;
and the amide is easily dispelled from the reaction prod-
uct after the reaction merely by heating the system and
reducing the pressure, and thus the residual odor is
slight.

If the dosage of this organic solvent is less than one
weight part per 100 weight parts of the starting mixture
(a) of organosiloxanes, the reaction rate of the siloxane
rearrangement equilibration becomes so low that the
result of the invention will be insufficient. If the dosage
of the solvent is greater than 50 weight parts, excessive
amounts of cyclic compounds are produced so that it
becomes difficult to control the polymerization degree
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of a target value. Therefore, the dosage ordinarily must
be 1 to 50 weight parts, preferably 5 to 40 weight parts.

The basic equilibration catalyst employed as eiement
(c) of the first embodiment of the invention is used as
the catalyst to promote the siloxane rearrangement
equilibration reaction involving the organosiloxane as
the element (a), and examples of the catalyst includes
hydroxides of alkali metals, e.g., potassium hydroxide,
sodium hydroxide, cesium hydroxide; silanolates of
alkali metals, e.g., potassium methyltnnhydroxysilano-
late, potassium phenyltrihydroxysilanolate; potassium
silanolates such as the product of the reaction between
octamethylcyclotetrasiloxane and potassium hydroxide;
quaternary ammonium salts, e.g., benzyltrimethylam-
moniumhydroxide, tetramethylammoniumhydroxide,
trimethylammoniumhydroxide, octyltrimethylammoni-
umhydroxide; phosphonium salts having the general
formula of R44POR?’ (in which R4 is a monovalent or-
ganic group and R° is hydrogen or a monovalent or-
ganic group), €.g., tetramethylphosphonium hydroxide,
tetra-n-butylphosphonium hydroxide, phenyltrimethyl-
phosphonium hydroxide, tetramethylphosphonium
methoxide, tetrabutylphosphonium butoxide, butyl-
tricyclohexylphosphonium hydroxide. Of these, potas-
sium hydroxide, potassium silanolates, and phospho-
nium salts are preferred and tetra-n-butylphosphonium-
hydroxide is the most preferable for the reason that it
decomposes when the system 1s heated to strip the or-
ganic solvent whereby removal of the neutralized salt 1s
not necessary.

If the dosage of the basic equilibration catalyst 1s less
than 0.001 weight part per 100 weight parts of the or-
ganosiloxane mixture (1), the reaction rate of the silox-
ane rearrangement equilibration becomes excessively
low. The reaction rate increases as the dosage 1s in-
creased but when it exceeds one weight part, the effect
is the same. Therefore, the effective dosage thereof 1s
0.001 to 1 weight part, preferably 0.1 to 0.5 weight part.

~The method of manufacturing organopolysiloxane,
according to the first embodiment of the invention,
comprises steps of: uniformly mixing predetermined
amounts of (a) a mixture of organosiloxane containing
epoxy group and organosiloxane without an epoxy
group, (b) an aprotic polar organic solvent, and (c) a
basic equilibration catalyst; and heating the mixture to
thereby initiate the siloxane rearrangement equilibration
reaction. The temperature to which the mixture is
heated preferably 1s 60° to 240° C., more preferably 80°
to 180° C. Such temperatures cause the siloxane rear-
rangement equilibration reaction to proceed so readily,
by virtue of the presence of aprotic polar organic sol-
vent (b), that cleavage of the oxirane ring of the epoxy
group scarcely occurs, and equilibration of the epoxy-
containing organosiloxane proceeds smoothly to facili-
“tate production of an epoxy-containing organo polysi-
loxane and precision controlling of the viscosity of the
organopolysiloxane; thus the epoxy-containing organo-
polysiloxane can be obtained in high yield, which ren-
ders the method as industrially advantageous.

The organosiloxanes employed in the second embodi-
ment of the present invention as starting materials are an
epoXy group-containing siloxane and an ailkenyl! group-
containing siloxane of relatively low molecular weight,
e.g., having less than 100 siloxane units, i.e., 2 polymeri-
zation degree of less than 100.

Like in the case of the first embodiment, the epoxy-
containing organosiloxanes can be cyclic siloxanes rep-
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resented by the formula (I), or can be straight chain
siloxanes represented by the formula (11).

Incidentally, examples of the epoxy-containing silox-
ane are already given in connection with the first em-
bodiment of the invention. |

The alkenyl group-containing organosiloxane em-
ployed in the process of the invention can be a cyclic
siloxane represented by

wherein Rl is the same or different monovalent hydro-
carbon group of 1-20 carbons, substituted or unsubsti-
tuted, which is not alkeny! and is selected from alkyl,
e.g., methyl, propyl, butyl; aryl, e.g., phenyl, tolyl; chlo-
romethyl; trifluoropropyl; and cyanoethyl; R2 is an
alkenyl of 2-8 carbons such as vinyl, allyl, propenyl,
and n-butyryl; p is an integer not smaller than zero; r 1s
a positive integer; or the alkenyl-containing organosi-
loxane can be a straight chain siloxane represented by

1 1
?3—-—::‘ IIU 1‘*2 Ills—d |
RA—Si—O Si==0O Si—O Si—R
L1 X
7 ¥

wherein R! and R are the same as above; dis 0, 1, 2 or
3; u and v are integers not smailer than zero.

Examples of the alkenyl group-containing straight
chain siloxanes are

Examples of the alkenyl group-containing straight
chain siloxanes are

o
CHrCH-—Sli-O-?i-—CH=CH2,
CH; CH;s
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-continued

CH3 CH 3 CH3
CHFCH—-S|i—-O 51—0 51—0 Sl—-CH—-CHz
(IDH 3 CH 3 CHS
CH3 CH3 CsHs CH=CH; | CH3
CHr SI—O SI—O Sli"""O S'i—O éi_CH‘_’,
CH3 CH 3 "0 CI:6H5 o (I3H3 4(I:H3

These organosiloxanes of relatively low molecular
weights can be prepared in the same manners described
in connection with the first embodiment.

The starting organosiloxanes used in the invention
have relatively low molecular weight. In view of the
purpose of the invention and reaction controllability,
the polymerization degree of the organosiloxanes
should be less than 100, or preferably less than 60.

The ratio of the second embodiment between the
epoxy-containing organosiloxane and alkenyl-contain-
ing organosiloxane can be arbitrarily determined re-
sponsive to the desired amounts of epoxy groups and
alkenyl groups desired in the thus-produced organo-
polysiloxane. It is also possible to measure and add
cyclic and/or straight chain siloxanes having neither
epoxy nor alkenyl to the reaction mixture to control the
result. Examples of such epoxy/alkenyl-less siloxanes
are as follows:

R! R!
| |
, Rl=—=8j—0—8i—R!

R! R!
R o I
R!I—Si—0O Si—0O Si=—R!
ol )b

It is possible to use these organosiloxanes as the main
starting matenals and add epoxy and alkenyl groups to
them.

The aprotic polar organic solvent used as the element
(c) in the second embodiment of the invention can be
the ones used as the element (¢) of the first embodiment
of the invention. Examples of such solvents can further
include those containing a sulfur atom in the molecule,
such as dimethylsulfoxide, tetramethylenesulfone, and
liquid sulfurous acid. Tetramethylenesulfone, propyi-
carbonate, nitrobenzene, nitromethane, dimethylcyana-
mide, tetrahydrofurane, dioxane, pyridine, liquid sulfu-
rous acid, etc. are useful in that they can avoid vanous
problems attributable to the existence of an active hy-
drogen (proton) of a polar protonic solvent such as
water and alcohol, and that the alkali equilibration reac-
tion is markedly promoted due to the solvation.

There is no particular requirement as to the amount
of the aprotic polar organic solvent added, but with a
view toward obtaining effective solvation for the alkali
equilibration reaction and economical considerations,
the amount of the organic solvent should be 5 to 100
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weight parts per 100 weight parts of the starting or-
ganosiloxane mixture of elements (a) and (b), or prefera-
bly 10 to 50 weight parts.

The basic equilibration catalyst as the element (111) of
the second embodiment of the invention can be any of
those mentioned in connection with the first embodi-
ment of the invention.

If the dosage of this basic catalyst of the second em-
bodiment is less than 0.01 weight part per 100 weight
parts of the starting organosiloxane mixture (i), the
equilibration rate of the organosiloxane becomes too
low; the reaction rate increases as the dosage is in-
creased but when it exceeds 10 weight parts, the effect
is the same. Therefore, the effective dosage is 0.01 to 10
weight parts, or preferably 0.5 to 5 weight parts.

The method according to the second embodiment of
the invention is for manufacturing organopolysiloxane
contanung both epoxy and alkenyl groups and com-
prises steps of: uniformly mixing predetermined
amounts of a mixture of (a) an epoxy group-containing
organosiloxane, (b) an alkenyl group-containing or-
ganosiloxane, (c) an aprotic polar organic solvent, and
(d) a basic catalyst; and heating the mixture to thereby
initiate the siloxane rearrangement equilibration reac-
tion. The temperature to which the mixture is heated 1s
60° to 240° C,, preferably 80° to 180° C.; such tempera-
tures cause the siloxane rearrangement equilibration
reaction to proceed so readily, by virtue of the presence
of aprotic polar organic solvent (c), that cleavage of the
oxirane ring of the epoxy group scarcely occurs, and
that equilibration of the alkenyl group-containing or-
ganosiloxane proceeds smoothly to facilitate production
of an epoxy grup- and alkenyl group-containing organo-
polysiloxane and precision controlling of the viscosity
of the organopolysiloxane. Thus, the epoxy group- and
alkenyl group-containing organopolysiloxane can be
obtained with high yield so as to justify the method as
industrially advantageous.

Next, examples of how to synthesize the epoxy-con-
taining organosiloxane used in the invention, and exam-
ples and comparative examples of the method of the
invention will be described. Hereinafter, all the values
of viscosity, specific gravity, and refractive index are
taken at 25° C.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, there-
fore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way
whatsoever.

In the foregoing and in the following examples, all
temperatures are set forth uncorrected in degrees Cel-
sius and unless otherwise indicated, all parts and per-
centages are by weight.

The entire disclosures of all applications, patents and
publications, cited above and below, and of correspond-
ing applications Japanese Patent Appln. 2-29235, filed
Feb. 8, 1990, and Japanese Patent Appln. No. 2-53165,
filed Mar. 5, 1990, are hereby incorporated by refer-
ence.

Synthesis 1

A 4-liter four-necked flask equipped with a dropping
funnel, a reflux condenser, and a thermometer was
charged with 855 g of allyl glycidyl ether, 855 g of
toluene, and 0.6 g of a chloroplatinic olefin complex salt
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containing 2 weight % of platinum. The mixture was
heated at 110° C. for 30 minutes to be dehydrated by
reflux; then, the temperature was lowered to 90° C. and
a muxture of 405 g of 1,2,3,4-tetramethylcyclotetrasilox-
ane and 405 g of toluene was dripped into the flask by
means of the dropping funnel, which took two hours
during which the temperature was maintained at 90° C.
After the drnipping, the mixture was heated at 90° C. for
5 hours to effect reaction. Thereafter, the temperature
was decreased to 30° C. and lower, and when the reac-
tion was completed, the unreacted =SiH was treated
with 20% solution of potassium hydroxide, whereby
hydrogen gas was generated, and the reaction yield
obtained by measuring the generated hydrogen was
98.7%.

The reaction mixture liquid was neutralized by wash-
ing it with water three times; the liquid was heated at
100° C. under a reduced pressure of 10 mmHg for three
hours whereby 1t was stripped of the solvent and unre-
acted compounds; as the resuit Product 1 was obtained,
which had a viscosity of 110 ¢S, a specific gravity of
1.117, a refractive index of 1.4623, an epoxy value of
0.574 mol/100 g, and the following structural formula,
according to IR and NMR analyses:

O

/7 N\
C|33H60CH3CH——-CH2
Sli""""O
CH;

Synthesis 2

A 2-liter four-necked flask equipped with a dropping
funnel, a reflux condenser, and a thermometer was
charged with 92.9 g of allyl glycidyl ether, 207.1 g of
heptamethylcyclotetrasiloxane, and 300 g of toluene;
the mixture was heated at 110° C. for 30 minutes to be
dehydrated by reflux; a chloroplatinic olefin complex
salt containing 2 weight % of platinum was added, and
the mixture was heated at 85° C. for 5 hours to effect
reaction. When the reaction was completed, the quan-
tity of generated hydrogen gas was measured, and the
reaction yield obtained thereby was 100%.

The reaction mixture liquid was cooled, washed with
water three times, and neutralized; then the mixture was

14

toluene, and 0.5 g of the same chloroplatinic olefin
complex salt used in Synthesis 1; the mixture was heated
at 110° C. for 30 minutes to be dehydrated by reflux;
then, the temperature was lowered to 90° C. and a mix-
ture of 406.2 g of 1,2,3,4-tetramethyl-1,2,3-tripropylcy-
clotetrasiloxane and 406.2 g of toluene was dripped into

- the flask by means of the dropping funnel, which took
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two hours. After the dripping, the mixture was heated
at 95° C. for 6 hours to continue the reaction. When the
reaction was completed, the quantity of generated hy-
drogen gas was measured, and the reaction yield ob-
tained thereby was 89.4%.

The reaction mixture liquid was cooled, washed with
water three times, and neutralized; then the mixture was
stripped at 100° C. under a reduced pressure of 10
mmHg for three hours whereby Product 3 was ob-
tained, which had a viscosity of 11 ¢S, a specific gravity
of 0.994, a refractive index of 1.4347, an epoxy value of
0.208 mol/100 g, and the following structural formula,
according to IR and NMR analyses:

O

/7 \
(‘:3H60CH2CH““"'CH2
Si
l
CHj3

&

Synthesis 4

Except that 930 g of vinylcyclohexene epoxide and
930 g of toluene were used i1n place of 855 g of allyl
glycidyl ether and 855 g of toluene, the same steps were
observed as in Synthesis 1. As the result, Product 4 was
obtained at a yield of 97.4%. The volatile component of

40 Product 4 accounted for 1.2%; the epoxy value was

45

stripped at 80° C. under a reduced pressure of 10 mmHg

for three hours whereby Product 2 was obtained, which
had a viscosity of 33 ¢S, a specific gravity of 1.028, a
refractive index of 1.4254, an epoxy value of 0.252
mol/100 g, and the following structural formula, ac-
cording to IR and NMR analyses:

O

/7 N\
| (l33H60CH2CH'“'“'CH2
Si—0O
| |
CHj

Synthesis 3

The same four-necked flask used in Synthesis 2 was
charged with 156.8 g of acryl glycidyl ether, 156.5 g of

50

33

60

65

0.544 mol/100 g; according to IR and NMR analyses,
the structural formula was:

Synthesis 3

Except that in place of 405 g of 1,2,3,4-tetramethylcy-
clotetrasiloxane and 405 g of toluene, 909 g of methyl-
hydrogenpolysiloxane, represented on the average by
the following formula, and 909 g of toluene were used,
the same steps were observed as in Synthesis 1.

CHj

i T
CH3;=—Si—0O

)
' Sli'-O Sli"-O ?i"-CH;;
CH3 CH3 CH; CH;
18 20
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As the result, Product 5 was obtained at a yield of
96.4%. The volatile component (105° C., 3 hours) of
Product 5 accounted for 0.8%; the viscosity was 580 cS;
the epoxy value was 0.402 mol/100 g; according to IR
and NMR analyses, the structural formula was:

O
/7 \
(‘:H_ﬂ, (|:H3 (lZ3H60CH2CH——-CH2 c':H3
CH-;-?i—O sli-—o ?i-—-o
CH3 | CH; CHj3
18
EXAMPLE ]

A one-liter four-necked flask equipped with a stirrer,
a thermometer, and an inlet port for nitrogen gas was
charged with 659 g of octamethylcyclotetrasiloxane,
17.4 g of Product 1 prepared in Synthesis 1, 74.1 g of
dimethylpolysiloxane which has its ends stopped with
trimethylsilyl groups and has a mean polymerization
degree of 100, and 75 g of N,N-dimethylformamide.
The mixture was heated at 110° C. for 30 minutes to be
dehydrated by reflux; then, 2.5 g of (nC4Hg)4POH as
the basic catalyst was added to the mixture in the flask
while the mixture was being stirred at 110° C. for 5
hours to promote the equilibration reaction.

After the reaction, the mixture was heated at 140° C.
for one hour whereby the catalyst (nC4Hg)sPOH de-
composed; the mixture was then cooled, treated with
activated carbon, and filtered. The filtrate was heated at
120° C. for two hours at a reduced pressure of 10
mmHg, and stripped of the solvent and unreacted reac-
tants. Thus, Product A was obtained.

Product A was a pale yellow transparent liquid, of
which the volatile component accounted for 1.2% (105°
C., 3 hours); the viscosity was 840 p; the refractive
index 1.4046; the epoxy value 0.013 mol/100 g. This
epoxy value was identical to the aimed value which was
expected from the dosages of the reactants. When ana-
lyzed by GPC, Product A exhibited a single peak and
found to have a molecular weight of 75,000 and a poly-
merization degree of about 1,000. IP and NMR analyses
revealed the following formula of Product A:

O
/" '\
?H:, ([:H3 ?3H60CH2CH—CH2 CH;
CH'g'Sli'-O S|i"'-0 Sli"—O
CH3 CHj3 CHj;

EXAMPLES 24

Except that the dosage of octamethyicyclotetrasilox-
ane was changed to those entered in Table 1, and that in
place of 17.4 g of Product 1, Products 2, 3 and 4 in
respective amounts entered in the same table were used,
the same steps in Example 1 were observed. Thus,
Products B, C and D were synthesized, and their prop-
erties are entered in Table 2.

EXAMPLE 5

- Except that the starting elements used were 724 g of
octamethyltetracyclosiloxane, 24.9 g of Product §, 1.18
g of octamethyltrisiloxane, 45 g of N,N-dimethylforma-
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mide, and 1.5 g of (nC4Ho)4POH, the same steps were
observed as in Example 1, and as a result, Product E
was obtained. This was a pale yellow transparent liquid
of which the volatile component accounted for 1.2%
(105° C., 3 hours); the viscosity was 830p; the epoxy
value 0.012 mol/100 g. When analyzed by GPC, Prod-
uct E exhibited a single peak and found to have a molec-
ular weight of 75,000 and a polymerization degree of
about 1,000. It had no smell, and the methoxy value was
Zero.

EXAMPLES 6-8

Except that in place of 74.1 g of dimethylpolysilox-
ane, different organopolysiloxanes as entered in Table 3
were used in amounts indicated, the same steps were
observed as in Example 1. The resulting Products F, G
and H had properties as shown in Table 4.

COMPARATIVE EXAMPLES 1-5

Except that in place of 75 g of N,N-dimethylforma-
mide, either no solvent was used, or different solvents
entered in Table 5 were employed in amounts indicated,
the same steps of Example 1 were followed. The prop-
erties of the products thus obtained are also entered in
Table 5. In all of Comparative Examples 1-5, the epoxy
value was found lower than the level attained by the
present invention, and, as such, none of the products of
these comparative examples could attain the desired
properties desired. Also, in two of these comparative
examples, equilibration did not occur sufficiently so that
the peak attributable to the reactants showed in the
result of GPC analysis of the products. In one compara-
tive example, the result of GPC analysis exhibited such
a broad plateau that it was impossible to locate the peak
attributable to the products. Only in two of these com-

parative examples, it was possible to determine the mo-
lecular weight by GPC analysis.

EXAMPLES 9-10; COMPARATIVE EXAMPLES
6-7

Except that the dosage of N,N-dimethylformamide
was 22.5 g (Example 9), 500 g (Example 10), 3.75 g
(Comparative Example 6), or 750 g (Comparative Ex-
ample 7), the same procedure of Example 1 was ob-
served. Table 6 shows the properties of the resultant
products.

EXAMPLES 11-13; COMPARATIVE EXAMPLE 8

A 3-liter four-necked flask equipped with a dropping
funnel, a reflux condenser, and a thermometer was
charged with starting elements the kinds and dosages of
which are shown in Table 7. The same procedure was
observed as in Example 1, and a polymerization degree
of 200 was aimed. Table 7 shows the results.

The results of these examples and comparative exam-
ples support the improved effects of the first embodi-
ments of the present invention.

Synthesis 6

A 3-hiter four-necked flask equipped with a dropping
funnel, a reflux condenser, and a thermometer was
charged with 559.8 g of polydimethylmethylhydrogen
block copolymer (mean molecular weight: 5,598) hav-
ing trimethylsilyl-stopped molecular ends and contain-
ing 30 mol % of =SiH group according to the measure-
ment of the quantity of the hydrogen gas generated
therefrom; 328.3 g of allyl glycidyl ether, 1,000 g of
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toluene, and 0.5 g of a chloroplatinic olefin complex salt
containing 2 weight % of platinum. The mixture was
heated at 120° for 6 hours to undergo reactions; then,
the temperature was decreased to 30° C. and lower, and
when the reaction was completed, the unreacted =SiH 5
was treated with 20% solution of potassium hydroxide,
whereby hydrogen gas was generated, and the reaction
yield obtained by measuring the generated hydrogen
was 98%. .

The reaction mixture liquid was neutralized by wash- 10
Ing it with water three times; the liquid was heated at
120° C. under a reduced pressure of 10 mmHg for two
hours whereby it was stripped of the solvent and unre-
acted compounds; as the result Product 6 was obtained,
which had a viscosity of 1.280 ¢S, a specific gravity of 15
1.012, a refractive index of 1.435, an epoxy value of
0.288 mol/100 g, and the following structural formula,
according to IR and NMR analyses:

20
O
/N
(I:H:-; CI3H3 (|33H60CH2CH—CH2 CI3H3
CHTsli'—O Sli—O Sli""O
CH; | CH; CH; 25
54
EXAMPLE 14

A one-liter four-necked flask equipped with a stirrer, 30
a thermometer, and an inlet port for nitrogen gas was
charged with 444.1 g of octamethylcyclotetrasiloxane,
11.6 g of Product 1 prepared in Synthesis 1, 44.3 g of
dimethylpolysiloxane which has its ends stopped with
dimethylvinylsilyl groups and has a mean molecular
weight of 1000, and 100 g of N,N-dimethylformamide.
The mixture was heated at 115° C. for two hours to be
dehydrated by reflux; then, 2.5 g of (nC4Hg)4POH as
the basic catalyst was added to the mixture 1n the flask
while the mixture was being stirred at 110° C. for three
hours to promote the equilibration reaction.

After the reaction, the mixture was heated at 140° C.
for one hour whereby the catalyst (nC4Hg)4POH de-
composed; the mixture was then cooled, treated with
activated carbon, and filtered. The filtrate was heated at
130° C. for two hours at a reduced pressure of 10
mmHg, and stripped of the solvent and unreacted reac-
tants. Thus, Product K was obtained.

Product K was an organopolysiloxane containing
epoxy and vinyl in the molecule, and the molecular
welght was about 10,900 according to the GPC analy-
sis. The epoxy value was 0.014 mol/100 g, and the vinyl
value was 0.018 mol/100 g, and these values were iden-
tical to the aimed values expected from the dosages of
the reactants. The volatile component accounted for 55
1.2% (105° C., 3 hours); the viscosity was 328 cS; the
refractive index 1.4055. IP and NMR analyses revealed
the following formula of Product K:

335

45

O
-/ N\
(|:H 3 ('3H3 (|:3H60CH2CH“’“‘-CH2 |
CHz“—“CH'—?i—O Sli""O Si—0O |
CH; CH;

146.5
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EXAMPLES 15-17

Except that the dosages of octamethylcyclotetrasii-
oxane, Product 1, and dimethylpolysiloxane stopped
with dimethylvinylsilyl groups were changed to those
entered in Table 8, the same steps in Example 1 were
observed to effect equilibration reaction. Thus, Prod-
ucts L, M and N were synthesized, and their properties
are entered in Table 9.

EXAMPLE 18

The same one-liter four-necked flask used in Example
14 was charged with 430.1 g of octamethylcyclotetrasil-
oxane, 26.1 g of Product 2 prepared in Synthesis 2, 43.8
g of dimethylpolysiloxane which has its ends stopped
with dimethylvinylsilyl groups and has a mean molecu-
lar weight of 1000, and 100 g of dimethylsulfoxide. The
mixture was heated at 115° C. for two hours to be dehy-
drated by reflux; then, 1.0 g of potassium siliconate
catalyst containing 10% of KOH was added to the
mixture in the flask while the mixture was being stirred
at 110° C. for 3 hours to promote the equilibration reac-
tion.

After the reaction, 50 g of tributylphosphate was
added, and the mixture was stirred for one hour at 80°
C. to effect neutralization; then, the mixture was cooled,
treated with activated carbon, and filtered. The filtrate
was heated at 130° C. for two hours at a reduced pres-
sure of 10 mmHg, and stripped of the solvent and unre-
acted reactants. Thus, Product P was obtained, which
was an organopolysiloxane compound containing both
epoxy and vinyl groups. The properties, etc., of Prod-
uct P are entered in Table 10.

EXAMPLE 19

Except that dosages of the octamethylcyclotetrasil-
oxane, Product 2, and the dimethylpolysiloxane were,
respectively, 340.5 g, 119.2 d and 40.2 g, the same steps
of Example 18 were observed, and as a result, Product
Q which is an organopolysiloxane compound contain-
ing both epoxy and vinyl groups was obtained. The
properties, etc. of Product Q are entered in Table 10.

EXAMPLES 20-22

The same one-liter four-necked flask used in Example
14 was charged with: octamethylcyclotetrasiloxane;
Product 3 or 4 prepared in Synthesis 3 or 4; dimethyl-
polysiloxane stopped with dimethylvinylsilyl groups
having a mean molecular weight of 1000; and hexame-
thylphosphoryl amide in respective amounts as entered
in Table 11. The mixture was heated at 115° C. for two
hours to be hydrated by reflux; then, 2.5 g of
(nC4Hg)4POH as the basic catalyst was added to the
mixture in the flask while the mixture as being stirred at
110° C. for three hours to promote the equilibration
reaction. After the reaction, the mixture was heated at
135° C. for one hour whereby the catalyst
(nC4Hg)4POH decomposed; the mixture was then

CH3
Si—CH=CH>
CH;
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cooled, treated with activated carbon, and filtered. The
filtrate was heated at 130° C. for four hours at a reduced
pressure of 10 mmHg, and stripped of the solvent and
unreacted reactants. Thus, Products R, S, T were ob-
tained. The properties, etc. of Products R, S, T are
entered in Table 12.

EXAMPLE 23

The same one-liter four-necked flask used in Example
14 was charged with: 451.9 g of octamethylcyclotetra-
siloxane; 2.5 g of 1,2,3,4-tetramethyl-1,2,3,4-tetravinyl-
cyclotetrasiloxane; 40.8 g of Product 6 prepared in Syn-
thesis 6; 4.8 g of dimethylpolysiloxane stopped with
trimethylsilyl groups having a mean molecular weight
of 976; and 50 g of N,N-dimethylformamide. The mix-
ture was heated at 115° C. for two hours to be hydrated
by reflux; then, 2.5 g of (nC4Hg)4POH as the basic cata-
lyst was added to the mixture in the flask while the
mixture was being stirred at 110° C. for three hours to
promote the equilibration reaction. After the reaction,
the mixture was heated at 135° C. for one hour whereby
the catalyst (nC4Ho9)4POH decomposed; the mixture
was then cooled, treated with activated carbon, and
filtered. The filtrate was heated at 130° C. for two hours
at a reduced pressure o 10 mmHg, and stripped of the
solvent and unreacted reactants. Thus, Product U was
obtained. Product U was an organopolysiloxane con-
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TABLE 2
EXAMPLES
No. _
2 3 4

_________ COMPOUND
PROPERTIES B C D
appearance pale yeliow transparent liquid
volatile component 1.2 1.3 1.2
(105° C. X 3 hr) (%)
viscosity (p) 820 890 850
epoxy value 0.013 0.013 0.013
(mol/100 g)
GPC single peak single peak  single peak
mean molecular weight 75,000 77,000 15,000

mean polymerization about 1,000 about 1,000 about 1,000 -

degree
smell No No No
metoxy value 0 0 0
TABLE 3
Pro-
Starting Siloxane duct

Exam-
ple 6 CH3
CH30—510 510 Sl"‘"‘OCHg, 745¢g
CH3 CH3 CH3

taining epoxy and vinyl in the molecule, and the molec- Exam- [(CH3)SiO3/3]> [(CH3):SiO)es. G
ular weight was about 51,050. The epoxy value was ple 7 [(CH3)Si01/2)4 74.1 g
0.024 mol/100 g, and the vinyl value was 0.006 mol/100 30
g. The volatile component accounted for 3.1% (130° C., Exam-
3 hours); the viscosity was 19,000 cS. ple 8 ‘fH3 CH3
CH30—S8iO s 0 s e s ~CH
COMPARATIVE EXAMPLE 9 = | | e
E . . CH3 CH3 CH3
xcept that the dosage of N,N-dimethylformamide 35 78
was changed to 20 g or 25 g, the same steps were ob- 98.9 g
served as in Example 23. The non-volatile portion of the
resulting organopolysiloxanes was quantitatively ana-
lyzed. The results are entered in Table 13 together with TABLE 4
the result of Example 23. It was confirmed that with the 40 EXAMPLES
decreased dosages of N,N-dimethylformamide, the rate No.
of equilibration reaction decreased. 6 7 g
COMPOUND
TABLE 1 PROPERTIES F G H
Expoxy-Containing Octamethylcyclo- .
Siloxane tetrasijoxane Product 45 appearance pale yellow parent liquid
volatile component 1.3 1.2 1.2
Example 2 Product2 39.6¢ 636 g B (105° C. X 3 hr) (%)
Example 3 Product3 48.0¢g 636 g C viscosity (p) 900 1.010 1.060
Example 4 Product4 184¢ 659 ¢ D epoxy value 0.013 0.013 0.013
(mol/100 g)
50 GPC single peak  single peak  single peak
mean molecular weight 75,000 75,000 77,000
mean polymerization about 1,000 about 1,000  about 1,000
degree
smell No No - No
metoxy value 0.0027 0 0
55
TABLE 5
COMPARATIVE EXAMPLES
__ _ No.
1 2 3 4 5
Solvent | PROPERTIES
name none xylene water dimethylsulfoxide  isobutyl alcohol
dosage (g) . 75 75 75 75
appearance white cloudy yellow slightly  yellow transparent  yellowish brown pale yellow
liquid cloudy hqud liquid strongly cloudy transparent liquid
semi-gel
volatile component 2.4 5.8 6.2 1.2 2.1
(105° C. X 3 hr) (%) | |
viscosity (p) 52 43 120 not measurable 220
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TABLE 5-continued
COMPARATIVE EXAMPLES

L _ _____ No. L .

] 2 3 4 5
Solvent ) _ _ PROPERTIES e
name none xylene water dimethyisulfoxide  isobutyl alcohol
dosage {g) — 75 75 75 75
epoxy value 0.008 0.011 ©0.007 | 0.005 - 0.010
(mol/100 g)
GPC 2 peaks 2 peaks single peak broad peak single peak
mean molecuiar weight — — 6,200 too gel-like to 19,600

| measure
mean polymerization degree — — 84 — 260
smell -~ No No No strong No
TABLE 6
Examples Comparative Examples

e NO: .
PROPERTIES 9 10 6 7
appearance pale yellow transparent liquid  pale yellow slightly cloudy liquid
volatile component 1.2 1.2 1.3 1.7
(105° C. X 3 hr) (%)
viscosity (p) 840 750 320 190
epoxy value 0.013 0.013 0.009 0.01]
(mol/100 g)
GPC single peak single peak 2 peaks 2 peaks
mean molecular weight 75,000 75,000 — —
mean polymerization degree about 1,000 about 1,000 — —
smeil No No No No

TABLE 7
R . [+ S -
______ Comparauve Examples _ Comparative
COMPOUND 11 12 13 Example 8
Compound 1] 34.8 348 696 1.740
octamethylcyclotetra- 1443 1310 1162 718
siloxane
octamethyltn- 23.6 23.6 23.6 23.6
siloxane
N,N-dimethyiform- 75 84 94 124
amide
(n-C4Hg)4 POH 3.0 34 3.8 5.0
aimed composition y MDigeD'sM  MDy9sD'2oM MDD’ oM MDgrD'100M
appearance pale yellow transparent liquid white cloudy liquid
viscosity (p/25° C.) 4.0 11.7 36.2 1060
GPC single peak single peak single peak 2 peaks
mean polymerization about 200 about 200 about 200
degree
epoxXy value 0.013 0.119 0.231 0.403
(mole/100 g) '
remark
s ..M...(CH;3:Si0
D ... (CH)SiO
D' ...CH3S0 O
| /7 N\
C3HgOCH,CH————CH,
TABLE 9
TABLE 8 N
R - GL.L U ——
No. 60 Properties Product L Product M Product N

N Bample  Example  Example (o i component 29 27
octamethyicyciotetrasiioxane 4030 g 3572 g 3164 g viscosity (p) 488 735
Product 1 549 g 1033 g 146.2 g refractive index 1.4112 1.4180 1.4236
dimethyipolystloxane 42.1 g 395¢ 374 g epoxy value 0.064 0.118 0.164
with molecular ends 65 (mol/100 g)
stopped with vinyl value (mol/100 g) 0.017 0.016 0.015

dimethyivinylsilyl groups mean molecular weight 12,100 12,900

13,400
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TABLE 13
dosage of N,N-
dimethylformamide non-volatile portion (%)
50 g 97.4 5
25 g 75.6
20 g 26.9
TABLE 10
No. 10
Properties Product P Product Q
volatile component 33 4.7
(105° C. X 3 hr) (%)
viscosity (p) at 25° C. 275 361
refractive index at 25° C. 1.4058 1.4118 15
epoxy value 0.013 0.067
(mol/100 g)
vinyl value (mol/100 g) 0.019 0.018
mean molecular weight 10,400 11,300
20
TABLE 11
No. _
Example Example Example
Reactants 20 21 22
octamethylcyclotetrasiloxane 4030 g 3572 g 3164 ¢ 25
Product 3 549 ¢ 103.3 g 146.2 ¢
Product 4 — — 575 g
dimethylpolysiloxane 434 g - 382¢g 41.8 g
with molecular ends
stopped with
dimethylvinylsilyl groups 30
hexamethylphosphoryl amide 150 g 150 ¢ 150 g
TABLE 12
No. 35
Properties Product R  Product § Product T
volatile component 3.9 6.3 2.0
(105° C. X 3 hr) (%)
viscosity (p) at 25° C. 407 586 422
refractive index 1.4068 1.4162 1.4120
epoxy value 0.013 0.058 0.062
(mol/100 g)
viny! value (moi/100 g) 0.016 0.017 0.016
mean molecular weight 11,400 13,900 11,800

The preceding examples can be repeated with similar 45
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What 1s claimed is:

1. A process for the production of an organopolysi-
loxane containing at least one epoxy group and a rela-
tively high degree of polymerization with respect to the
starting epoxy group containing organopolysiloxane,
said process comprises equilibrating a mixture of (a) an
epoxy-containing organopolysiloxane having at least
one epoxy group in the molecule; (b) an amount effec-
tive to react with (a) by a disproportionation equilibra-
tion reaction of an epoxyless organosiloxane lacking an
epoxy group; () an aprotic polar organic solvent; and
(d) a basic catalyst.

2. A process according to claim 1, wherein aprotic
polar organic solvent is N,N-dimethylformamide, N,N-
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dimethylacetoamide, tetramethyleneurea, hexamethyl-
phosphoryl amide or acetonitriie.

3. A process according to claim 1, wherein the basic
catalyst 1s potassium hydroxide, a potassium silanolate
or a phosphonium salt.

4. A process according to claim 1, wherein the epoxy
containing organopolysiloxane (a) is

(1) a cyclic siloxane of Formula (I)

wherein R3 is a monovalent hydrocarbon group of
1-20 carbon atoms which is unsubstituted or substi-
tuted with one or more groups other than alkenyl;
A 1s an epoxy group-containing organic group; a is
0 or a positive integer; and b is a positive integer; or
(1) a straight chain siloxane represented by formula II .

Y
il A R
Ac—Si—~0 Sli'—O Sli""-O Si—Ac
3 3
R y R .

wherein R3 and A are the same as above; ¢ is 0 or
1; and d and e are O or positive integers provided
that c and e are not zero at the same time.

S. A process according to claim 4, wherein aprotic
polar organic solvent 1s N,N-dimethylformamide, N,N-
dimethylacetoamide, tetramethyleneurea, hexamethyl-
phosphoryl amide or acetonitrile.

6. A process according to claim §, wherein the basic

4g catalyst 1s potassium hydroxide, potassium silanolate or

a phosphonium salt.

7. A process as claimed in claim 1, wherein said reac-
tion mixture consists essentially of 100 weight parts of a
mixture of (a) the epoxy group-containing organopoly-
siloxane and (b) the organosiloxane lacking an epoxy
group; (¢) 1 to 50 weight parts of an aprotic polar or-
ganic solvent containing no sulfur atom in the molecule;
and (d) 0.001 to 1 weight part of a basic equilibration
catalyst.

8. A process as claimed in claim 1, wherein the poly-
mer units of the organopolysiloxane containing at least
one epoxy group can be represented by the formula

RIMRZ,,SiO ‘_!,M+H!

wherein R! represents a monovalent organic group
containing an epoxy group; R represents a monovalent
hydrocarbon group of 1-8 carbons containing no epoxy
group, or an alkoxyl group of 1-3 carbons; m and n are
numbers such that n/m=3 and 1.8 <m+4n<2.1.

9. A process as claimed in claim 1, wherein the or-
ganosiloxane, (b) lacking an epoxy group, contains an
alkenyl group in the molecule and the resulting epoxy-
containing organopolysiloxane contains both epoxy and
alkenyl groups.

10. A process as claimed in claim 9, wherein said
reaction mixture consists essentially of 100 weights



5,206,328

25

parts of a mixture of (a) the epoxy group-containing
organopolysiloxane and (b) the alkenyl group-contain-
ing organosiloxane; (c) 5 to 100 weight parts of the
aprotic polar organic solvent; and (d) 0.01 to 10 weight
parts of the basic equilibration catalyst.

11. A process as claimed in claim 9, wherein said
aprotic polar organic solvent is N,N-dimethylforma-
mide, N,N-dimethylacetoamide, tetramethyleneurea,
hexamethylphosphoryl amide or acetonitrile.

12. A process according to claim 9, wherein the basic
catalyst is potassium hydroxide, potassium silanolate or
a phosphonium salt.

13. A process according to claim 9, wherein the
epoxXy group-containing organosiloxane (a) is

(1) a cyclic siloxane of formula (I)

wherein R3 is a monovalent hydrocarbon group of 1-20
carbon atoms which is unsubstituted or substituted with
one or more groups other than alkenyl; A is an epoxy
group-containing organic group; a is 0 or a positive
integer; and b is a positive integer; or

(i) a straight chain siloxane represented by

R33 —C ? Ill33_f
Ac— Sl-—D Sl"-O Si—O Si1-—Ac
b3
d e

(1I)

3

10
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wherein R3 and A are the same as above; cis 0 or
1; and d and e are O or positive integers provided
that ¢ and e are not zero at the same time.

14. A process as claimed in claim 13, wherein said
aprotic polar organic solvent is N,N-dimethylforma-
mide, N,N-dimethylacetoamide, tetramethyleneurea,
hexamethylphosphoryl amide or acetonitrile.

15. A process according to claim 11, wherein the
basic catalyst is potassium hydroxide, potassium silano-
late or a phosphonium salt.

16. A process according to claim 1, wherein the
aprotic polar organic solvent 1s N,N-dimethylforma-
mide.

17. A process according to claim 13, wheremn the
epoxy group containing organosiloxane (a) is a straight

chain siloxane.
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18. A process for the production of an organopolysi-
loxane containing at least one epoxy group and rela-
tively high degree of polymerization with respect to the
starting e€poxy group containing organopolysiloxane,
said process comprises equilibrating a mixture of:

I (a) an epoxy containing organopolysiloxane having

at least one epoxy group in the molecule,

(b) an amount effective to react with (a) by a dispro-
portion equilibration reaction of an epoxyless or-
ganosiloxane lacking an epoxy group,

(c) an aprotic polar organic solvent containing no S
atom, and

(d) a basic catalyst; or

II (a) an epoxy containing organopolysiloxane having
at least one epoxy group in the molecule,

(b) an amount effective to react with (a) by a dispro-
portion equilibration reaction of an epoxyless or-
ganosiloxane lacking an epoxy group and contain-
ing an alkenyl group,

(c) an aprotic polar orgamc solvent, and

(d) a basic catalyst.

X E x % *
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